Background: Many studies have analyzed the effect of behavioral risk factors, such as common
INTRODUCTION
Recently, behavioral risk factors, such as common lifestyle patterns, have been related to the risk of disease. Traditionally, lifestyle indexes have been constructed by means of variables such as diet, physical activity, body mass index, alcohol consumption and tobacco smoking; these characteristics have been associated with the risk of cardiovascular disease and diabetes (1, 2, 3) .
Behavioral risk factors are often correlated, since people tend to follow common lifestyle patterns (2) , influenced by intra-personal, social and cultural characteristics (4, 5) .
Several studies have shown an independent effect of various lifestyle factors such as dietary patterns (6) (7) (8) , micronutrients (9) (10) (11) , physical activity (12) (13) (14) , tobacco smoking (15) , alcohol consumption (16, 17) , and anthropometric characteristics such as body mass index, on the risk of breast cancer (18-20), Sedentary lifestyles have increased significantly in the past 20 years and in combination with unhealthy dietary patterns, have been associated with an increased risk of weight gain and obesity (21, 22) . Physical activity appears to reduce the risk of breast cancer by its effect on overweight and obesity, insulin resistance, and chronic inflammation (23, 24). In Mexico, only 16% of women exercise regularly; the national average of recreational physical activity for women is 5 minutes per day (25). Regarding diet, several studies have shown that the consumption of red meat, fat and dairy products could increase the risk of breast cancer (26-31).
In addition, moderate consumption of alcohol (i.e. 10g/day) has also shown to increase the risk of this disease (16, 32) . Women should be motivated to modify unhealthy lifestyles in order to decrease the risk of breast cancer (22). To our knowledge, there are no previous studies assessing the effect of these combined risk factors on the risk of breast cancer.
Controlled preventive strategies to reduce certain risk factors need to be analyzed jointly in order to evaluate their health impact and their implementation cost (33) . Therefore, the aim of this study was to assess the effect of a healthy lifestyle index (including a healthy diet, moderate and 5 mammography and a blood specimen. The response rate for controls was 87.4% for Mexico City, 90.1% for Monterrey and 97.6% for Veracruz.
This collaborative study was approved by the Institutional Review Board at the National Institute of Public Health of Mexico and by equivalent committees at the participating hospitals.
Questionnaires
A structured questionnaire was administered in person to collect information on health, diet and physical activity. The health questionnaire collected information on sociodemographic characteristics, lifetime alcohol consumption, reproductive factors (e.g. age at menarche and menopause, parity, lactation history), use of oral contraceptives, hormone therapy for menopause, family history of breast cancer and smoking history, among others.
Physical activity
To assess physical activity within the previous 12 months, a semi-structured interview, (35, 36) based on a seven-day recall questionnaire was applied, it included time spent on physical activities, and sleep. Physical activity was not limited to recreational activity, but included other types of activities such as household work. Physical activity was divided into three categories: a) light-intensity physical activities (1.1 to 2.9 metabolic equivalents of energy expenditure (METS)); b) moderate-intensity physical activities (3.0 to 5.9 METS); and c) vigorous-intensity physical activities (6 or more METS).(37) The number of hours of physical activity per week, in each of the three categories, was calculated. For this study, we used only the moderate and vigorous-intensity physical activities in hours per week.
Diet
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To measure diet during the previous year, we used a previously validated semi-quantitative food frequency questionnaire for Mexicans, which included 104 items and 10 multiple choice consumption frequency categories, as described by Willett (38) (39) (40) .
Food Groups
Forty food groups were defined and certain foods were considered individually (e.g. eggs, mayonnaise, coffee, beer) when they did not belong to a specific group or particular dietary pattern (e.g. oils, liquor, animal origin fats) (Appendix 1) (41) . A western dietary pattern was constructed by principal factor analysis; its composition is presented in the Appendix 2. Given that western dietary pattern has been associated with several diseases (e.g. type 2 diabetes, cardiovascular disease, stroke, and certain types of cancer) and with overweight and obesity (12, 42 , 43) its lowest tertile was considered the one with the least risk.
Alcohol consumption
Information on alcohol consumption was obtained by asking women about their drinking habits the year prior to the onset of the symptoms. Alcohol was measured in grams and, for this study, was divided into three categories: a) did not consume; b) consumed less than 1 g/day; and c) consumed ≥ 1 g/day. Women who did not consume alcohol were considered to have the lowest risk.
Tobacco smoking
Tobacco smoking was obtained as a dichotomous variable inquiring whether subjects had "consumed more than 100 cigarettes in their lifetime" (yes/no). For this study, the low-risk group was defined as those subjects who had never smoked or had smoked 100 or less cigarettes in their lifetime.
Statistical analysis
Western dietary pattern
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The 104 food items were grouped into 40 food groups (Appendix 1) in order to construct the western dietary pattern by means of principal factor analysis (44) . The function ROTATE = VARIMAX was used to rotate the loading matrix by an orthogonal transformation (45) . A factor loading ≥0.58 was used to identify the primary factor on which the items are loaded. For each subject, factor scores for the western dietary pattern were calculated (46) . Final factor scores were derived by weighting each food group proportionally to its involvement in each woman's daily food intake. For the descriptive analysis, the western dietary pattern index was categorized by using tertiles, being the lowest the one with the least risk (47) .
Healthy lifestyle index
Diet, physical activity, alcohol consumption and tobacco smoking were used to develop the healthy lifestyle index. It was considered healthy to practice moderate and vigorous-intensity physical activity, to belong to the lowest tertile of the western dietary pattern, to have smoked less than 100 cigarettes or to have never smoked and to have never consumed alcohol. This index was constructed by means of principal components. The western dietary pattern was introduced inversely, being the third tertile the healthiest. Quintiles were generated based on the distribution among controls. A polychoric correlation was undertaken given that variables were ordinal. Once the polychoric matrix was obtained, an analysis of principal factors was generated through a regression model, using only one factor. Diagnosis of the statistical model was made using the Kaisery-Meyer-Olkin test (47) .
To compare cases and controls, chi-square test for categorical variables, and t test or Wilcoxon test for continuous variables was used. To estimate the association between the healthy lifestyle index, and the risk of breast cancer in pre-and postmenopausal women, conditional logistic regression models were used. A forward and backward-stepwise model selection procedure was used to determine the final model. Models accounted for matching by age category, 8 health care system, region and factors adjusted for in previous literature such as: socioeconomic status (low, middle and high) (34), breast feeding (months), age at menarche (years), age at menopause (years), body mass index (BMI = weight/height [kg/m2]), family history of breast cancer in first-degree relatives (grandmother, mother, sisters-yes/no), personal history of diabetes (yes/no), waist-to-hip ratio (WHR), height (cm), daily intake of folate (µg/day), and total calories. All analyses were performed by using STATA v10.
RESULTS
Most breast cancer cases were invasive; there were only ten pre-and ten postmenopausal in situ cases. Table 1 shows the main characteristics of the study population by cases and controls.
Regarding the western dietary pattern, there was a greater percent of cases than controls in the highest tertile (the one with the highest risk). With respect to the healthy lifestyle index, the cases were distributed mainly in the first two quintiles (the ones with the highest risk), while controls were distributed more evenly among them. Compared to controls, more cases had history of diabetes, family history of breast cancer, had smoked at least 100 cigarettes, consumed more alcohol and reported lower parity, breast feeding and physical activity. Tables 2a and 2b show the frequency distribution of the characteristics by cases and controls in pre-and postmenopausal women by healthy lifestyle quintiles. With increasing quintiles the frequency of tobacco smoking (p<0.001), alcohol consumption (p<0.001), western dietary pattern intake (p<0.001), daily total consumption of calories (p<0.001) (only in controls), high socioeconomic status (<0.001) (except in post-menopausal controls), decreased significantly. 
DISCUSSION
The aim of the present study was to assess the effect of four variables (i.e. physical activity, dietary pattern, tobacco smoking and alcohol consumption) as components of an index defined as "Healthy Lifestyle" on the risk of breast cancer. Results showed a decrease in the odds of having breast cancer with increasing quintiles of the Healthy Lifestyle index. Higher values of the index are related to performing at least half hour per day of vigorous or moderate-intensity physical activity, no consumption of alcohol, fat, processed foods, refined cereals, complex sugars and no tobacco smoking. Comparable studies have been undertaken for diabetes type 2 (1), coronary heart disease (48) and risk of stroke in women (3) . An advantage of this work is that having constructed an index based on dietary patterns rather than on consumption of micronutrients such as folate, fiber, fat, omega-3, fatty acids, trans fat, and a glycemic index (1-3), makes recommendations easier to understand by the general population.
Body mass index was not included in the healthy lifestyle index but multivariate models were adjusted for this characteristic. Previous studies have created an index incorporating body mass index along with diet, smoking, alcohol consumption and physical activity, however, body mass index is a result of a lifestyle, not its component (13) . 
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There is plenty of evidence that physical activity protects against postmenopausal breast cancer, with an average of 30% to 40% risk reduction with statistically significant linear trend (12, (49) (50) (51) . However, in pre-menopausal women the results are less consistent (12) . Both moderate and vigorous-intensity physical activity confer nearly equal reduction on the risk of breast cancer (52) .
The protective effect of physical activity appears to be partly related to a decreased exposure to sex hormones, to insulin or insulin growth factor, and by preventing overweight and obesity (13) .
Regarding the western dietary pattern, an increased consumption of a Western diet has been related to an increased risk of breast cancer (OR = 1.31, 95%CI 1.13-1.51, for the continuous score of the western dietary pattern) (42) . Although the Western diet shows different nutritional profiles in Western communities, at large, this dietary pattern is high in meat, dairy products, fat, sugary foods (processed meats, pastries, baked goods, confectionery and sweetened drinks), alcohol, and variable amounts of vegetables and fruits (12) . Case-control studies developed in 
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Alcohol consumption has been associated to a modest risk of breast cancer (9, (55) (56) (57) (58) (59) (60) (61) . Results from different studies have shown that when compared to none drinkers, those who consume one drink per day increase their risk by 10% to 12% (62, 63) . A dose-response relationship has also been reported in cohort studies (58) linked to the physiological process of estrogens, since alcohol consumption has been linked to estrogen-receptor-positive tumors (64) (65) (66) . Another postulated mechanism is that alcohol may induce cytochrome P-4502E1 (CYP2E1), where metabolism of alcohol into acetaldehyde is involved in generating several pro-carcinogens. In addition, a low folate intake promotes an inadequate destruction of acetaldehydes, therefore increasing the risk (67).
Carcinogens found in tobacco smoke, once they are in the blood stream, might be transported to the breast through plasma lipoproteins (68) (69) (70) . The effect of cigarette smoking as a possible breast cancer risk factor (71-74) has been controversial (75); the effect varies according to starting age, intensity, duration, induction period (76-78), and some have suggested an interaction with certain genes (15) .
Given the recall bias, an inherent limitation of case-control studies, cohort studies should be conducted. In order to reduce this bias, incident cases were included in this study.
In conclusion, a healthy lifestyle was associated with a reduction in the odds of having breast cancer. Primary prevention should be promoted in an integrated manner. As concluded by this study, the recommended healthy lifestyle consists of a dietary pattern low in fat, processed foods, refined cereals, and complex sugars; the daily practice of at least half an hour of moderate and/or vigorous-intensity physical activity, and avoidance of smoking and alcohol consumption.
Effective strategies need to be identified to engage women in healthy lifestyles. 
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